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Abstract
Small analoguesof Tendamistat,a naturalproteininhibitorof mammaliana-amylase,were
designed- themosteffectiveof whichwasentitledNFH-l. Alanineandthreoninesubstitutions
were madeseparatelyfor the third and seventhpositionserineresiduesto explorerequired
propertiesof theNFH-l analogueandalsoin attempto improvetheinhibitoryactivityof the
analogue.Substitutedanaloguesweretestedfor inhibitoryactivityvia colorspectrophotometric
assayand the threoninesubstitutedanaloguesalso exploredthroughtheoreticalmodeling.
Throughalaninesubstitution,it was foundthatthe hydrogenbondingability of both serine
residuesareintegralto thefunctionof theNFH-1 peptide.Throughthreoninesubstitutionsand
modeling,it was foundthatsubstitutioninto theseventhpositionaltersconformationandnot
activityandsubstitutionintothethirdpositionaltersactivityandnotconformation.
~--~
Introduction
Thecarbohydratesprevalentin humandietscanbedescribedasa polymericchainof whichthe
units are connectedvia a-l,4-glycosidic bonds. When thesecomplexcarbohydratesare
consumed,the glycosidicbondsarebrokenby the a-amylaseenzyme,which, aftermultiple
steps,leavesthechainin itsmonomericunitscalledglucose(figure1).(1)
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Figure1.Actionofa-amylaseonstarchto yieldglucoseunits.(2)
Like otherenzymes,the actionof a-amylasecanbe stoppedor reducedby inhibitors. One
known inhibitor of a-amylaseis Tendamistat,a naturallyoccurringprotein isolatedfrom
Streptomyces(3). While tendamistatis a 74 aminoacidprotein,x-ray crystallographyhas
revealedthatonly a few aminoacidsinteractdirectlywith theactivesiteof a-amylase.
Specifically,Trp19,Arg2O,andTyr21forma ~-tumsuchthatthelargepositivesidechainof the
aforementionedArgresidueisabletoprotrudeandinteractwiththeenzyme(4).
Figure 2. StructureofTendamistatfromx-raycrystallography.Trp19,Arg20,andTyr21residues
arehighlighted.(5)
As thepresenceor abundanceof glucose(brokendownstarch)is thebasisof somediseases,like
diabetes,or otherhealthissues,like weight,theinhibitionof theenzymeresponsiblefor that
breakdownmayonedaybeusefulinpharmaceuticals.BecauseTendamistatis suchaneffective
inhibitor(K,=9xIO-12M),it is agoodpointof focus.However,becauseTendamistatis solarge,
itsuseasa drugmayleadtoactivationof theimmunesystemif ingested,thusdestroyingthe
drug.
Becauseof theTendamistat'sinabilityto functionproperlyasa drug,smalleranaloguesof
Tendamistatweredesignedcontainingthethreekeyaminoacids(seefigure2). Themost
effectiveanaloguetodateisentitledNFH-I (K,=6.7x lO-5M).
(Ac)-Y -Q-S- W-R-Y -S-Q-(NH2)
Figure3. SequenceoftheNFH-l analoguewithacetylatedN-terminusandaminatedC-terminus.
Note thaton eithersideof theTrp-Arg-Tyr triplet,thereareserineresidues.While serinehas
theabilityto hydrogenbondbothintermolecularlyandintramolecularly,thehydroxylgroupof
the side chain is alsoproneto sidereactions. Thesepossiblesidereactionscould limit the
--- ---
peptide'susefulnessin pharmaceuticalsas theoriginalstructurewould notbe maintainedand
consequentlytheeffectivenessof thepeptideasaninhibitoraltered.
+
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Figure4. Structureofserineresidueshowingthehydroxylgroupofthesidechain.
Alanineis anaminoacidthatpossessesasidechainsimilarin sizeandstructuretoserine,butit
lacksthehydroxylgrouponthesidechain.Becausethereis notahydroxylgroup,alanine
residuesarenotproneto sidereactions;however,theyalsodonothavetheabilitytohydrogen
bondthroughtheirsidechain.Substitutionof thealanineresiduesfor theserineresidueswould
provideinformationonthenecessityofserineintheNFH-1sequence.
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Figure5. Structureofserineandalanineaminoacidsshowingdifferencesofthesidechains.
Whilethesubstitutionof a non-reactiveaminoacidfor thereactiveserinemayanswerthe
questionof thenecessityof serinein thesequence,anotherapproachleadstheinvestigationi
improvingtheoverallabilityoftheNFH-1peptidetofunctionasaninhibitorofa-amylase.
In anenkephalin/endorphinproteinsystem,it is knownthatthereplacementof thecysteine
residuesin theproteinwithf3,f3-dimethy1cysteine(penicillamine)increasestheactivityof that
protein(6).
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Figure6. Structureof cysteineresiduepresentin describedproteinsystemand~,~-dimethylcysteineused
for substitutionto increaseactivityofprotein.
It is apparenthatcysteineandserinehavevery similarsidechainsizeandstructure,moreso
thanalaninedid, as cysteinestill has theability to hydrogenbondand is alsoproneto side
reactions. Becauseof thesimilaritiesbetweencysteineandserine,it is possiblethata
substitutionsimilarto thatdescribedwith the p,p-dimethylcysteinewould increaseactivityof
the NFH-l peptide. This increasemay resultfrom the additionalconformationalconstraint
imposedbytheextramethylgroupsonthesidechain,whichstericallylimitsrotation.
Unfortunately,a dimethylatedserineaminoacidis notreadilyavailable.However,another
commonaminoacid is similarto a dimethylatedserine. Threonineis essentiallya
monomethylateds rineaminoacidandmayelicitsomeofthesame ffects.Moreover,theextra
bulkof thethreoninesidechainmayinfluencewhichconformationsarestablein NFH-l by
"locking"thepeptideintocertainconformationsand/orkeepingit fromattainingothers.
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Figure7. Structuresof serineandthreonineaminoacids.
In orderto determinethenecessityof serinein thesequenceof theNFH-l peptideinhibitor,
alanineresiduesweresubstitutedforserinefirstinthethirdandthenintheseventhposition.In
~
orderto testtheabilityof threonineto increasetheactivityof theNFH-l peptideinhibitor,
threoninewasalsosubstitutedforSerinefirstin thethirdandthenin theseventhposition.The
four resultingpeptideswere testedfor activityusing spectrophotometricanalysisand
Lineweaver-BurkplotswereusedforK, comparison.Additionally,thethreoninesubstituted
peptidesweremodeledusingGaussviewandGaussianSoftwareto find themoststable
conformations,andtheseconformationsu edforfurtheranalysis.
Methods
NFH-l peptides,(Ac)-Y-Q-S-W-R-Y-S-Q-(NH2),were synthesizedwith the following
substituions:
Table1. SubstitutionsmadetoNFH-l peptideinhibitor.ResiduepositionsarecountedfromN-terrninus.
Each peptidewas synthesizedusing a PS3 automatedprotein synthesizer. For synthesis,
OAmmolof theappropriateFMOC aminoacidand0.15gHBTU (O-Benzotriazolyl-N,N,N',N'-
tetramethyluroniumhexafluorophosphate)wereplacedintoseparatevialsandthevialsordered
fromC toN-terminuswithavialof 2mLaceticanhydridetwoslotsaftertheN-terminalamino
acidvial. 0.25gofFMOC-RinkAmidemethylbinzhydrylamine(MBHA)resin(OAlmeq/g)was
loadedintothereactionvesselof thePS3aswellasenoughN,N-dimethylformamide(DMF)to
covertheres~n(levelofDMF wasabovelevelof resin).SolutionsforthePS3includedOAM
N,N-diisopropylethylamine/DMF,20%Piperidinein DMF andalsoDMF as solvent. The
synthesizerwasprogrammedtosinglecoupleeachamino,thoughthefirstwasdoublecoupled.
The peptidewas assembledby the instrumentthrougha seriesof programmedwashes,
deprotections,andcouplings.
--
NFH-l ResiduePosition OriginalResidue SubstitutedResidue Classification
3 senne alanine AlaJ
7 senne alanine Ala'
3 senne threonine Thrj
7 senne threonine Thr7
Thesynthesizedpeptideswerecleavedftomtheresinuponwhichtheywerebuilt. For the
cleavage,aslurrywasmadeof theresinbytheadditionofasmallamountofmethanolintothe
reactionvessel.AfterpouringtheslurryintoacoarseBuchnerfunnel,themethanolwasdrawn
off theslurryviasuctionfiltration.Theresinwasrinsedwithethanolandthensubjectedto3-4
washeswithmethylenechloride.Theresinwasallowedto air-drywhilecoveredtoprevent
contamination.
Oncetheresinwasdry,thecocktailforcleavagewasprepared.lOmLof trifluoroaceticacid
(TFA) waspippettedintoa smallbeakerandplacedin anicebathwhilebeingstirredwitha
magneticbar. O.5mLanisole,O.5mLddHzO,O.5mLthioanisoleand1crystalphenolwereadded
to theTFA. The cocktailwasallowedto stiron ice andthenthedriedresinwasaddedto the
solution.This mixturewasallowedto gentlystir(soasnotto splashandwastethepeptide)for
approximately2.5hours.
Afterthe2.5hours,thecleavagemixturewasfilteredusingthesamecourseBuchnerfunneland
suctionfiltration.2-3mLTFA wasusedtorinsethebeakertomaximizeyield.Theresinin the
funnelwasfurtherinsedwith3 or4 moreapplicationsof 2-3mLTFA. Approximately50mL
colddiethyletherwasaddedtothefiltratetoprecipitatehepeptide.Theflaskwaskeptonice
duringtheprecipitationandtheetherkeptcoldtopreventsidereactionsasthisis anexothermic
process.Theresultingprecipitatewasthenfilteredusinga fineBuchnerfunnel.Moreof the
coldetherwasusedtoremovetheanisoleandthioanisole.
Thefilteredpeptidewasscrapedintoalyophilizationflaskanddissolvedwithaminimalamount
of70%acetonitrile/ddHzO.ThesamevolumeofddHzOwasaddedtotheflask.Shellfteezingof
thefluidby quicklyspinningthelyophilizatinflaskon its sideusingdryiceandacetoneis
preferred;however,oftennodryicewasavailable,sothefluidswereallowedtostayovernight
inafteezer.Oncefrozen,thesolutionswerelyophilized.
Thelyophilizedpeptideswereweighedandasmallamountofeachcrudepeptidewasdissolved
(on separateoccasions)in a minimalamountof DMF. Analyticalhighperformanceliquid
chromatography(HPLC)wasusedtoevaluatetheinitialpurityof thepeptides.Therestof the
crudepeptideswerethendissolvedin aminimalamountof DMF andeachwaspurifiedusing
HPLC. TheHPLC gradientranfrom90%Aand10%Bto50%Aand50%Bover2 hours,with
solventA preparedas ImL TFA in lL ddH2OandsolventB preparedas ImL TFA in lL
Acetonitrile.Thetubescorrespondingtoselectedpeaksforeachpeptidewerepouredintoclean
separatelyophilizationflasks,dilutingeachto twicethevolumeof thetubeswithddH2O,
freezingandagainlyophilizing.
Afterlyophilization,thepeptideswereagainweighedandtestedforpuritybyanalyticalHPLC,
asdescribedabove.
The activityof eachpeptidewas testedusinga color spectrophotometricassayusmgp-
nitrophyenyl-a-D-maltosideasthesubstrate.Thesubstrateis packagedin 50.0mgportionsand
was dissolvedby adding2300JlL HepesBuffer (pH 7.2) right into thevial. The a-amylase
enzymewaspreparedby dissolving92JlL of concentratedSigmaa-amylaseenzymein 908JlL
HepesBuffer. 0.1,0.2,O.3mMsolutionsof eachinhibitorwerepreparedusingDMSO asthe
solvent.Thevolumesoftheenzymeandtheinhibitorwereheldconstantwithrespecttoeachset
(andthustheirconcentrationsal o).Thesubstratewasusedin increasingvolumesrangingfrom
16JlLto 320JlL,which,whenthevolumeof HepesBufferrequiredto keepa constanttube
volumeof 1.0mLwasadded,resultedin increasingconcentrationsof thesubstraterangingfrom
0.8mMto 16.0mM.ThecontrolsetcontainedDMSOwithnopeptide.Thecomponentswere
addedinthefollowingorder:enzyme,bufferandthenDMSOorinhibitor.
-
Table2. Assaytubecomponentsu edforeachof the4 NFH-1peptideanalogueassayswithtotaltube
volumeof 1.0mL.Componentswereaddedin theorder:enzyme,buffer,DMSO/lnhibitorwhereDMSO
appliestothecontrolsetandtheinhibitorconcentrationswere0.1,0.2,0.3mM.
Assayswererunusinga PerkinElmerLamba20 spectrophotometerandUVKinLab software.
Each synthesis,cleavage,purificationand assay(four total:Ala3 , Ala7,Thr3andThr7)was
performedseparately.
Results
Michaelis-Mentenplotsfor eachof the four assaysareavailablewith thecorresponding
Lineweaver-BurkplotsandK, calculationplots. A demonstrationf theK, calculationis
availablefortheAla3peptideandasummarytableofallvaluescalculatedavailableattheendof
theResultsection.Additionally,theresultsof theoreticalmodelingbyGaussianareshownfor
thethreoninesubstitutedNFH-l analogues.
[S],mM SustrateVolume,(ilL) HepesBufferVolume,(ilL) EnzymeVolume,(ilL) DMSO/InhibitorVolume,(ilL)
0.94 20 783.9 29.4 166.7
2.8 60 743.9 29.4 166.7
4.7 100 703.9 29.4 166.7
7.5 160 643.9 29.4 166.7
9.4 200 603.9 29.4 166.7
12.3 260 543.9 29.4 166.7
15.1 320 483.9 29.4 166.7
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Figure8. Michaelis-MentenplotfortheAla3assaywithpeptideconcentrationsof 0.1,0.2,0.3mM.
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Figure 9. Lineweaver-BurkPlotfortheAla3assaywithpeptideconcentrationsof0.1,0.2,0.3mM.
TheresultsfromtheLineweaver-BurkPlotwereusedtocalculatetheKI fortheAla3peptideby
plottingtheslopeofeachoftheinhibitedlinesaboveversustherespectiveinhibitor
concentrationsasshowninfigure10.Theequationobtainedfromlinearegressionthenallowed
calculationofthevalueas
Kj =-(X-intercept)
y =7.657E~O5x+ 8.862E+05
0.05 0.1 0.15
[I], mM
0.2 0.25 0.3
Figure 10. DetenninationofK, for theAla' assaywithpeptideconcentrationsof 0.1,0.2,0.3mM.
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Figure11.Michaelis-MentenplotfortheAla7assaywithpeptideconcentrationsof0.1,0.2,0.3mM.
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Figure 12.Lineweaver-BurkPlotfor theAla7 assaywith peptideconcentrationsof 0.1, 0.2, 0.3mM.
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Figure13. DeterminationofKj for theAla7assaywithpeptideconcentrationsof 0.1,0.2,O.3mM.
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Figure14.Michaelis-MentenplotfortheThr7assaywithpeptideconcentrationsof0.1,0.2,0.3mM.
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Figure15.Lineweaver-BurkPlotfortheThr7assaywithpeptideconcentrationsof0.1,0.2,O.3mM.
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Figure 16. Determination ofK1 for the Thr7 assaywith peptide concentrationsof 0.1, 0.2, 0.3mM.
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Figure17. Michaelis-Mentenplot for theThr3assaywithpeptideconcentrationsof 0.1,0.2,O.3mM.
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Figure 18. Lineweaver-BurkPlot for theThr3assaywithpeptideconcentrationsof 0.1,0.2,0.3mM.
It is importantonotethattheLWB plotsdonotalwaysappeartocrossatthey-axisaswouldbe
expectedfor a competitiveinhibitor. It is believedthatthis is dueto insensitivityin theassay
methodsused. Becausethe analogueswere derived from the competitivelyinhibiting
Tendamistat,i is presumed(andstilloftendemonstratedbytheLWB plots)thateachanalogue
inhibitscompetitively.
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Figure19.DeterminationfK( fortheThr3assaywithpeptideconcentrationsof0.1,0.2,0.3mM.
In general,Kj determinationis more accuratevia the methodused above. However,the
Lineweaver-Burkplot for theThr3peptideclearlyindicatesthatthepeptideinhibitspoorlyatthe
0.1, and O.2mM concentrations. (It is believedthat the inhibition is so poor at these
concentrationsthattheresultingMichaelis-Mentenlinesappeareitherontoporjust abovelbelow
thatof thecontrol.)However,attheO.3mMconcentration,amoremarkedinhibitiontookplace
thatdid notfit theotherdatapoints. By themethodabove,anunbelievablysmallK, was
obtained.Ideally,thepeptideshouldberesynthesizedandagaintestedforactivity,butbecause
oftimeconstraints,anothermethodhasbeenemployedtodeterminetheK, ofthepeptide.
UsingthedatafromeachLWB plot,theK, ateachinhibitorconcentrationwascalculatedusing
theformula
minhibited=muninhibited( 1+[1]/K,)
andthentheK, calculatedateachof thethreeinhibitorconcentrationswereaveraged.This
valueis availablealongwiththeK, calculatedfortheotherpeptidesbythegraphicalmethodin
table3.
Table3.Summaryof K1valuesforeachsubstitutedNFH-I analogueandcomparisontooriginalNFH-I analogue.
Analogue KI (M) ComparisontoNFH-l
NFH-1 6.7x 10" N/A
Alaj 1.2x 10-> 18xLarger-7Lesseffective
Ala' 1.9x 10-3 28xLarger-7Lesseffective
Thi' 5.3x 10" Similar-7Comparableeffectiveness
Thrj 4.5x 10-4 7xLarger-7Lesseffective
C-terminus
! sr3
Figure20. Theorticalmodelingof theThr7peptide.N andC terminiarelabeledaswellasimportanthydrogen
bondingpatterns.
-
Ser7
C-terminus
1
Figure21. Theorticalmodelingof theThr3peptide.Nand C terminiarelabeledaswellasimportanthydrogen
bondingpatterns.
~-
Discussion
It maybeintuitivethathemosteffectiveanalogueofTendamistat(figure2)isNFH-1(figure3)
sinceNFH-1isareplicationofTendamistat'sresidues15-21.However,onemustrememberthat
just because3 key aminoacidsweredeterminedto interactdirectlyat theactivesiteof thea-
amylaseenzymedoesnotmeanthatotherresiduesmuchfurtherawaydo notplaya partin the
interactionprocess,evenif not directly. So it mustbe consideredthatdeviationITomthe
Tendamistatsequencefor aneightaminoacidanaloguemaypossiblyincreasetheactivity.Also,
it is importantto considerpropertiesof eachaminoacid in the analoguesequenceas their
individualnaturemaybecomeaconcernthroughapharmaceuticalperspective.
Specifically,theserineresiduesof NFH-1, which arealsopresenton eithersideof theTrp19,
Arg2O,andTyr21residuesin tendamistat,areof concern.As discussedin theintroduction,the
serineresiduescontainhydroxylgroupsattheendof thesidechain. While thehydroxylgroup
mayperforminteror intramolecularbonding,it is alsoreactive,atraitthatis undesirablewhen
consideringpharmaceuticals.
Asdiscussed,alanineisofsimilarsize,shapeandcompositiontoserine(figure5),butit doesnot
havethereactivenatureof serine.Also,alaninecannotparticipatein hydrogenbonding.To
determinethenecessityof serine,andhencethenecessityof thehydrogenbondingatthose
positions,alaninewassubstitutedforserinein firstthethird(Ala3)andthentheseventh(Ala7)
positionresidue.
Lookingatfigure8,onecanseethatheAla3analoguestillmaintainstheabilitytoinhibitthea-
amylasenzymeastheratefor increasingconcentrationsof theinhibitordecreasesfor each
respectivesubstrateconcentration.Thisis furtherdemonstratedbytheLineweaver-BurkPlotin
figure9 astheslopeincreasesforincreasingpeptideconcentrations.However,in calculationof
theKI fortheAla3peptide,it wasrevealedthattheabilityof thisalteredNFH-1analoguewas
reducedastheKI for thesubstitutedpeptidewaslargerthanthatof theunsubstituedNFH-1
analogue.Figures11,12and13revealsimilaresultsfortheAla7substitutedNFH-1analogue.
(Seetable3forsummaryofKI values.)
--
The valuesobtainedfor both alaninesubstitutedanaloguesweresimilarandbothwere
substantiallylargerthanthatof theoriginalNFH-1analogue(20-30fold). In otherwords,both
alaninesubstitutedanalogueswerelesseffectiveinhibitorsthantheoriginalNFH-1 analogue.
Thisindicatesthatheabilitytohydrogenbondin boththethirdandseventhresiduepositionsis
criticaltotheintegrityandoperationof theNFH-1analogue.Thefactthattheserineresidues
arereactivedoesnotoutweighthefactthatthepresenceof bothserineresidues,at leastwith
respectohydrogenbondingability,arerequiredforoptimalfunction.
Still, it waswonderedhow, if at all, theNFH-1 analoguecouldbe improvedas ana-amylase
inhibitor. The nextfocusof the investigationbeganby looking at theenkephalinlendorphin
proteinsystem(6). This system,which containscysteineresidues,is known to increasein
activityif thecysteineresiduesarereplacedwith p,p-dimethyIcysteine(seefigure6). Because
of thesimilarityin structurebetweenserineandcysteineaminoacids,it wasthoughthata
similarsubstitution,thatis dimethylatedserineforserine,mayincreaseactivityof theNFH-1
analogue.However,sincea dimethylatedsSerinewasnotreadilyavailable,a similaramino
acid,threonine,wasused(seefigure7). Thethreonineaminoacidwassubstitutedforserinein
firstthethird,Thr3,andthentheseventh,Thr?,positionofNFH-l.
By lookingatfigures14-16,onecanseethattheThr?analogueinhibitedthea-amylasenzyme
asdiscussedforthealaninesubstitutedanalogues.LookingattheresultingK, valuesintable3
indicatesthattheThr?analogueis a comparableinhibitortotheNFH-1analogue.Lookingat
figures17-19andtable3,onecanseethattheThr3peptidewasaslightlylesseffectiveinhibitor
ascomparedto theoriginalNFH-1 analogue.ConsideringthattheThr?peptideis similarto
NFH-1withrespecttoinhibitionability,onemightexpectthatheextrabulkofthemethylgroup
onthesidechainoftheseventhpositionthreonine(asopposedtotheoriginalserineresidue)did
notsignificantlyeffectheconformationof thepeptide.Additionally,becausetheThr3peptide
exhibitedlesseffectivebehavior,onemightexpectthatheextrabulkofthemethylgrouponthe
sidechainof thethirdpositionthreonine(asopposedto theoriginalserineresidue)did
significantlyalterthepeptideconformation.However,lookingatfigures20and21provides
unexpectedinformation.Thesefiguresarealsoshownbelow(figure22)asaside-by-sideview.
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Figure 22. Side-by-sideview of Gaussiantheoreticalmodelingof Thr3 and Thr7 peptidesshowing
hydrogenbondingpatterns.
If onecomparestheC-termini(leftsides)ofbothmolecules,it is apparentthathesubstitutionf
threoninefortheseventhpositionserinecausestheC-terminustobecomemuchmorecompact-
a significantchangein conformation.Additionally,theadditionof thethreonineresiduealters
hydrogenbondingpatternsin thatwhenserineispresentintheseventhposition(asshownin C-
terminusideof theThr3peptide),thehydroxylgroupof theseventhpositionserinehydrogen
bondstotheC-terminus.Whentheserineisreplacedbyathreonine(lookatC-terminussideof
theThr7peptide),theextrabulk of thethreoninesidechaincausesthehydroxylgroupto
hydrogenbondwithanNH on thebackboneof thepeptide.And instead,theC-terminus
hydrogenbondstoacarbonylgrouponthebackboneofthepeptide.
Againstintuitivethought,hissignificantchangeinconformationa dhydrogenbondingpatterns
broughtonbytheThr7substitutionaccompaniesaKI valuesimilartothatofNFH-l (table4).
Thisindicatesthatthechangesin conformationandhydrogenbondingdonotalterthepeptide's
abilitytointeracteffectivelywiththeactivesiteofthea-amylasenzyme.
Conversely,if onelooksattheN-termini(rightsides)ofbothmolecules,it is apparentthatthe
substitutionof threonineforthethirdpositionserinedoesnotcauseanysignificantchangein
conformation.Nor doesthesubstitutioncauseanysignificantchangeto hydrogenbonding
- - -
patternsas thehydroxylgroupof thethirdpositionserine(lookatN-terminusof theThr?
peptide)andalsothehydroxylgroupof thethirdpositionthreonine(asshowninN-terminusof
theThr3peptide)arehydrogenbondingtothesamecarbonylonthepeptidebackbone.
This lackof changein conformationandhydrogenbondingpatternsaccompaniesa ignificant
changein theK, value(table4). Soalthoughtherewasnovisiblechangewithrespectto the
peptideitself,substitutionof threonineintothethirdpositionapparentlyaltersthebehaviorof
the peptide. One possibleexplanationfor this behaviorresultstrom considerationof basic
propertiesof proteininteraction.
It is well understoodthatwhentwoproteinsinteract,theychangeconformation(i.e.inducedfit
theory). The inducedfit theorystatesthatit is nottheinitialconformationsthatarethe"active
conformations"of eitherparty,butrathertheslightlyor significantlyalteredconformationsof
eachresultingfrominteractionwith eachother. It is possiblethat,thoughtheextrabulk of the
threoninesidechaindoesnotaffecttheconformationof theThr3peptideby itself,thebulkmay
preventtheanaloguefromchangingconformationastheNFH-l analoguedoeswheninteracting
withthea-amylasenzyme.Theinabilitytoconform"properly"wouldbelikelytoreducethe
effectivenessof thesubstitutedpeptide.Although,as mentionedpreviously,it wouldbe
beneficialtoresynthesizetheThr3peptideandalsototestforactivity.
In conclusion,theabilityof theserineresiduesin theNFH-l analogueto hydrogenbondis
integraltotheintegrityandfunctionof thatanalogueasshownbythedecreasedactivityof the
alaninesubstitutions.Moreover,applicationof anotherproteinsystem'sresponseto
j3,j3-dimethylcysteinesubstitutiondid not producesimilarresultswith respecto threonine
substitutioni theNFH-l analogue.It maybe interestingto seetheeffectof simultaneous
substitutionof threonineforbothserineresiduesin theanalogueasthechangein conformation
broughtonbytheseventhpositionsubstitutionmayalleviatethestressbroughtonbythethird
positionsubstitution,allowingmoreeffectiveconformationchangeswheninteractingwiththea-
amylasenzyme.
-- - --
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